High-yielding crops can only achieve their potential when the appropriate technological tools are applied and weather conditions do not impose restrictions. One such technological tool is the treatment of seeds, in which different products are used and, in some cases, cause little-known effects capable of modifying the plant's metabolism and/or its morphology. The insecticide thiamethoxam alters the plant's physiology and morphology, accelerating its development, thus enhancing its vigor. The objective of this study was to evaluate the influence of thiamethoxam on the physiological performance of rice seeds during storage. The research was conducted in a greenhouse and at the laboratory of the Department of Plant Science, Faculty of Agronomy Eliseu Maciel -UFPel (Federal University of Pelotas). Rice seeds from cultivars INIA Olimar and El Paso L144 were treated to a commercial product containing 350 grams of active ingredient thiamethoxam at doses of 0, 100, 200, 300, 400 and 500 g per 100 kg of seed. Seeds were tested for physiological quality immediately after being treated (check treatment) and at 3, 6, 9 and 12 months under storage, through germination test, cold test, accelerated aging and greenhouse emergence test. The concentration range from 200 to 400 g a.i. 100 kg −1 seed yielded the highest germination and seed vigor values for both rice cultivars during the storage period.
Introduction
Rice is considered one of the most important human foods worldwide, holding key economic and social roles. Brazilian produce is estimated to be some 12 million tons, of which over 65% is grown in the state of Rio Grande do Sul, where average yields go beyond 7000 kg·ha −1 [1] . High-yielding seed crops not only need favorable climatic conditions, but the use of technological tools, such as seed treatment to support them. Although seed coating with fungicides and insecticides is a long-known technology, it has only been basically evaluated regarding its efficiency on the control of pests and plant diseases. Some of them can exert little known effects upon plants, modifying their morphology as well as their metabolism [2] .
The insecticide thiamethoxam is one such product, which according to [3] , alters plant morphology and physiology as it is transported within the plant cells, where it activates several physiological reactions such as protein expression. These proteins are responsible for the plant's stress defense reactions, allowing the individual to better confront adverse conditions such as drought, low soil pH, high soil salinity, free radicals, high temperatures, injuries caused by pests, virus attacks and nutrient deficiencies. In addition to these effects, thiamethoxam stimulates faster plant development, resulting in enhanced vigor [4] .
[5] described the effect of thiamethoxam on soybean as increasing its vigor, leaf area, root system and providing a more uniform crop stand, which resulted from faster and more uniform seedling emergence.
According to [4] , treating rice seeds with thiamethoxam favored their physiological quality, the most efficient range being that of 300 mL to 400 mL•100kg −1 seed. Since seed treatments are performed some time prior to seeding, treated seed lots may be stored for varying periods, during which eventual chemical reactions may damage the seed. [6] reported that some chemical treatments to seeds can adversely affect their performance, especially when high concentrations of the active ingredient are applied. These effects can be enhanced by long storage periods, eventually reducing the seed germination potential. In rice, [7] observed that seeds treated to fungicide and stored for various lengths of time experienced reductions in their germination and vigor values under long term storage, regardless of the environmental conditions. It is thus sensible to search for technologies that will allow the storage of treated seeds without losses in their quality, which will facilitate their management by seed producers as well as by the end consumers, rice growers.
The aim of this work was to evaluate the effects of the insecticide thiamethoxam on the physiological performance of rice seeds during storage.
Material and Methods
The research was conducted at the Seed Laboratory (LDAS-UFPel) and glasshouse, of the Department of Plant Science, Faculty of Agronomy Eliseu Maciel (FAEM), at the Federal University of Pelotas (UFPel).
Seeds from rice cultivars INIA Olimar El Paso L144 were used at a rate of 4 kg per treatment and cultivar, with four replicates. The seeds were treated to a commercial product containing 350 grams of a.i. thiamethoxam at doses of 0, 100, 200, 300, 400 and 500 g•100kg −1 seeds. Immediately after treatment (check) with thiamethoxam, and at periods of 3, 6, 9 and 12 months of storage, seeds were evaluated for their physiological quality through the germination test, with four 50-seed replicates per treatment. The seeds were sown in "Germitest" paper rolls, moistened with distilled water at a ratio of 2.5 times the weight of dry paper and kept in the germination chamber, set at 25˚C. The evaluations were performed according to the Rules for Seed Testing [8] and the results expressed as percentage of normal seedlings. The cold test was assessed through four 100-seed replicates in "Germitest" paper rolls moistened with distilled water at a ratio of 2.5 times the weight of dry paper. The rolls were placed into plastic bags, sealed with adhesive tape and kept in a refrigerator set at 10˚C for seven days. After this period, the rolls were transferred to a germination chamber at 25˚C, where they remained for another seven days, as described by [9] . The results were expressed as percentage of normal seedlings. The accelerated aging test was conducted using the method of plastic boxes [10] , with seeds distributed in a ingle layer on the screen and the bottom of the box filled with 40 mL of distilled water. The boxes were then transferred into a BOD growth chamber where they were kept at 42˚C for 60 hours, according to the recommendations by [11] . After the aging period, four 50-seed replicates were put into the germination chamber at 25˚C and the percentage of normal seedlings counted on the fifth day. In the seedling emergence test four 25-seed replicates per treatment were sown in pots in the greenhouse, using soil as substrate. The final count for normal seedlings oc-curred at 21 days after sowing, when seedling emergence leveled.
A 6 × 5 factorial design (thiamethoxam doses × storage period) was laid over a completely randomized design with four replicates per rice cultivar. Thiamethoxam effects were analyzed through polynomial regressions using the Winstat 1.0 statistical package [12] . Data for seed quality expressed on a percentage basis was arc-sine transformed prior to analysis [13] .
Results and Discussion
A significant interaction was observed for all the response variables, with the exception of seedling emergence in cv. INIA Olimar, which responded only to the thiamethoxam dose. All the variables available present significance to the interaction, except emerge in greenhouse, that was made the developments, and when there are no significance to the interaction was constructed only one trend line.
Thiamethoxam's maximum efficiency in germination was in the 200 to 400 g•100kg −1 seed range, followed by a decrease in germination values for the 500 g·kg −1 dose (Figure 1(a) and Figure 1(b) ). A 9% increase A. da Siva Almeida et al.
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compared to that of the check treatment (0 g thiamethoxam per 100 kg of seed) on the germination value of seeds from cultivar INIA Olimar was observed at the 300 g thiamethoxam dose, at the beginning of the storage period (0 months). This result agrees with findings by [14] in carrot seeds, [15] in soybean, and [16] in rice, who observed that thiamethoxam accelerated germination while promoting a faster growth of the embryonic axis. [17] applied doses of 6.2 to 7.0 mL·kg −1 of Cruiser ® 350 FS to different batches of cotton seeds and observed increased germination relative to untreated seeds in the range from 12 to 14 percentage points, depending on the batch.
Throughout the different storage periods, seed germination values in both cultivars for treatments within the range 0 to 400 g thiamethoxam remained above the minimum of 80% required by Brazilian legislation [18] for marketable seed. At the 500 g thiamethoxam dose rice cultivar INIA Olimar maintained germination values above 80% up to the 6month storage period, whereas for rice cultivar El Paso L144, the high germination values were recorded up to 9 months of storage (Figure 1(c) and Figure 1(d) ). According to [19] , the high initial quality of seed lots decreases their rate of decay, if stored under appropriate moisture and temperature conditions.
Cultivar INIA Olimar exhibited a small linear decrease ranging from 4% to 13% germination after 12 months of storage, depending on the thiamethoxam dose used (Figure 1(c) ). For cv. El Paso L144, this reduction ranged, depending on the thiamethoxam dose, from 7% to 16% (Figure 1(d) ).
In general, the dose of 500 g thiamethoxam 100 kg −1 seed showed a slight decrease in seed quality (Figures  1(a)-(d) ). According to [6] , some chemical treatments applied to seeds tend to generate latent effects, which affect seed performance at increasing doses and may be enhanced by the duration of the storage period.
In the cold test germination increases of 18% for rice cultivar INIA Olimar and 14% for cv. El Paso L144, compared to the check treatment, were recorded at the 300 g•100kg −1 seed dose (Figure 2(a) and Figure 2(b) ). For thiamethoxam levels beyond 300 g/100kg −1 seeds, germination enhancements decreased, as did seed vigor (Figure 2(c) and Figure 2(d) ).
[20] observed increased germination rates for the cold test in seeds of bristle oat treated with thiamethoxam, reaching maximum response at a dose of 284 mL•100kg −1 seed, followed by a decrease at higher doses. Thiamethoxam application reduced germination decline along the storage period, with the best results for seeds of cv. INIA Olimar at doses of 300 and 400 g•100kg −1 , with a reduction of 2 and 5 percentage points, respectively, whereas for seeds from cv. El Paso L144 the best results were for doses of 200 and 300 g•100kg −1 seed, for both of which the decrease in germination value was 7%.
Similar results to those produced by the cold test were found for the accelerated aging test, where increases of 18% to 12% on the germination values for rice cvs. INIA Olimar and El Paso L144, respectively, were observed compared to the check treatment when treated to thiamethoxam doses of 300 g•100kg −1 seed (Figure 3) . The evaluation of seed vigor through rate of seedling emergence in the greenhouse showed that for cvs. Olimar and El Paso L144 there was an increase of up to 16% vigor in the dose effect between 0 and 300 g thiamethoxam 100 kg −1 seeds (Figure 4(a) and Figure 4(b) ). [21] found no change in the vigor and seedling emergence of sunflower seeds treated with thiamethoxam and fipronil.
Seed vigor decreased with length of storage across all thiamethoxam doses, the same trend as that observed for germination. For both rice cultivars the greatest decline in seed vigor occurred for thiamethoxam doses 0 and 100 g (Figure 4 (c) and Figure 4(d) ). The variable emergence in greenhouse has no significance to the interaction, that was made only one trend line.
[4] developed work with the same rice cultivars used in this study plus cultivars IRGA BR 410 and BR IRGA 424, observing that the treatment of seeds with thiamethoxam enhanced seed quality, with the best results for doses of 300 to 400 mL•100kg −1 seed. According to Clavijo (2008) , thiamethoxam enhances the vigor of rice seeds regardless of cultivar and environment, also increasing the germination speed, emergence and biomass production.
In rice grown at low temperatures, [22] also found a positive effect on seed quality from thiamethoxam treatment, with doses in the range of 100 to 200 mL being the most effective at temperatures between 13˚C and 25˚C.
Working with low quality rice seeds, [23] Generally speaking, the tests performed on both rice cultivars used on this study show that thiamethoxam had a similar positive effect on germination and seed vigor, and that the highest values for seed quality were achieved at thiamethoxam doses between 200 g and 400 g per hundred kilograms of seed.
Conclusion
Treatment with thiamethoxam of rice seeds from cultivars INIA Olimar and El Paso L144, prior to storage, at doses of 200 g to 400 g active ingredient per 100 kg of seeds yielded the highest values for germination and seed vigor.
